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(54) Electrostatic probe device for signal detection of cathode ray tube displays 



(57) An electrostatic probe device detects signals 
displayed on a cathode ray tube in a non-invasive man- 
ner. Specifically, the probe device includes a probe that 
is spaced from a fluorescent screen of a cathode ray 
tube by a dielectric material and a detection circuit cou- 
pled to probe. The detection circuit produces an output 
signal that corresponds to an input video signal supplied 
to the cathode ray tube. In a preferred embodiment, the 



probe is located directly on a face plate of the cathode 
ray tube, wherein the face plate acts as the dielectric 
material Voltage fluctuations detected by the probe are 
equalized by the detection circuit. The detection circuit 
may also include amplification and inverter circuits, so 
that the output of the detection circuit can be supplied 
to a monitor for viewing. The image displayed on the 
monitor directly corresponds to the image displayed on 
the cathode ray tube. 
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Description 

Field of the Invention 

The invention relates in general to devices for de- 
tecting signals displayed on cathode ray tubes. More 
specifically, the invention relates to an electrostatic 
probe device that can detect signals displayed on cath- 
ode ray tubes in a non-invasive manner 

Background of the Invention 

The expansion of subscription television services, 
such as cable television and direct broadcast satellite 
services, and conventional broadcast television has 
driven the need for a device that is capable of monitoring 
the signals displayed on television sets in a non-invasive 
manner. In the case of broadcast television services, it 
is desirable to develop a device that can monitor the im- 
age displayed on a television to determine which pro- 
gram is being viewed at any given time in order to es- 
tablish advertising ratings. In the case of subscription 
services, in addition to establishing advertising ratings, 
it is further desirable to monitor the television display to 
insure that unauthorized channels or pay-per-view pro- 
grams are not being viewed. In either case, it is prefer- 
able that the monitoring device be non-invasive, namely, 
that it unobtrusively and automatically detect the signals 
displayed on cathode ray tube of the television without 
requiring action on the pan: of the viewer. 

In view of the above, it is an object of the invention 
to provide a probe that can detect the signals displayed 
on a cathode ray tube. It is a further object of the inven- 
tion to provide a probe that is non-invasive. 

Summary of the Invention 

The invention provides an electrostatic probe de- 
vice that is capable of detecting signals displayed on a 
cathode ray tube in a non-invasive manner. Specifically, 
the probe device includes a probe that is spaced from 
an effective anode structure, for example a fluorescent 
screen, shadow mask or similar structure, of a cathode 
ray tube by a dielectric material and a detection circuit 
coupled to probe. The detection circuit produces an out- 
put signal that corresponds to an input video signal sup- 
plied to the cathode ray tube. In a preferred embodi- 
ment, the probe is located directly on a face plate of the 
cathode ray tube, wherein the face plate acts as the di- 
electric material. Voltage fluctuations detected by the 
probe are equalized by the detection circuit. The detec- 
tion circuit may also include amplification and inverter 
circuits, so that the output of the detection circuit can be 
supplied to a monitor for viewing. The image displayed 
on the monitor directly corresponds to the image dis- 
played on the cathode ray tube. Thus, the output from 
the probe can be used to detect the images displayed 
on the cathode ray tube as well as on screen displays 
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or similar features that might be selected by a user 

Description of the Drawings 

5 The invention will be described with reference to 
certain preferred embodiments and the accompanying 
drawings, wherein: 

Fig. 1 is a basic schematic diagram of a cathode ray 
10 tube; 

Fig. 2 is a schematic diagram illustrating a preferred 
detection circuit: 

Fig. 3 illustrates an input video signal applied to the 
cathode ray tube illustrated in Fig. 1 : 
'5 Fig. 4 illustrates the signal detected by the probe 
illustrated in Fig. 1 ; 

Fig. 5 illustrates the output signal from the detection 
circuit illustrated in Fig. 2; 
Fig. 6 illustrates the output of the detector circuit il- 
20 lustrated in Fig. 7; and 

Fig. 7 illustrates an experimental set-up used to de- 
tect the signal supplied to a cathode ray tube and 
reproduce the signal on a separate monitor 

25 Detailed Description of the Preferred Embodiments 

A basic schematic diagram of a cathode ray tube 
(CRT) is illustrated in Fig. 1 . The CRT includes an elec- 
tron gun 10, having a cathode 12 and a control grid 14, 
30 and an effective anode structure 16, for example a flu- 
orescent screen, shadow mask or similar structure lo- 
cated adjacent to a glass face plate 18. The cathode 1 2 
and the anode structure 1 6 are coupled to a high voltage 
power supply 20. In operation, electrons are emitted 
3$ from the cathode 1 2 and are focused as an electron 
beam onto the anode structure 16. The position of the 
electron beam is varied by either internal electrostatic 
deflection plates or external electromagnetic deflection 
coils (not shown) to produce a trace on the anode struc- 
40 ture 16 in a conventional manner. 

The high voltage power supply 20 is least loaded 
when the CRT is dark and no current is flowing to excite 
the phosphors in the anode structure 16. The high volt- 
age produced by the high voltage power supply 20 is 
•45 therefore altered to some extent as a function of the 
beam current. Specifically, as the high voltage power 
supply 20 has some practical internal resistance or 
source impedance, the voltage rises (CRT dark) or falls 
(screen phosphors excited) as the beam current fluctu- 
50 ates, namely, the instantaneous voltage tends to follow 
the reverse of the brightness of the trace displayed on 
the CRT. In the case of a color CRT, the same fluctuation 
is present for each of the colored phosphors and their 
corresponding electron gun structures. The variation in 
ss voltage, in a typical targe screen receiver, is on the order 
of a few hundred volts imposed upon some 20 KV of 
anode potential, which is on the order of a few percent 
when described instantaneously. The present invention 
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is based on the recognition that the fluctuations in the 
voltage are directly related to the image displayed on 
the CRT, and can therefore be utilized to detect the in- 
formation content of the displayed image. 

In order to detect the supply voltage variation, a ca- 
pacitively coupled probe 22 is placed on the face plate 
18 of the CRT in a preferred embodiment of the inven- 
tion as illustrated in Fig. 1 , thereby effectively placing 
the probe 22 within a fraction of an inch of the anode 
structure 1 6. The probe 22 can be located on any portion 
of the face plate 18 that is located in front of the anode 
structure, although it is preferably to locate the probe 22 
along one of the side edges of the face plate 1 8 in order 
to prevent interference with the normal viewing area of 
the CRT. Variations in the supply voltage detected by 
the probe 22 are coupled to a detection circuit 24 via a 
virtual capacitor formed from a first plate consisting of 
the anode structure, a dielectric material consisting of 
the glass of the face plate 1 8, and a second plate formed 
by the probe 22. The detection circuit 24 provides an 
equalized output signal that directly corresponds to a 
video input signal used to modulate the beam current 
and produce an image on the CRT. Thus, the output of 
the detection circuit 24 can be used to identify the signal 
displayed on the CRT. 

Fig. 2, for example, illustrates a detection circuit 24 
utilized in experiments conducted to verify the opera- 
tional characteristics of the probe 22. In the illustrated 
example, a ten inch piece of wire taped on the face plate 
of the CRT was utilized as the probe 22. The probe 22 
was therefore effectively within about 0.25 inches of the 
phosphors in the fluorescent screen of the CRT. The 
probe 22 was coupled to a detection circuit 24 including 
an equalization circuit 25 formed from a resistor-induc- 
tor-capacitor network as illustrated. An input video sig- 
nal, as illustrated in Fig. 3, was then applied to the CRT. 
Fluctuations in the supply voltage were picked up by the 
probe 22 as shown in Fig. 4 and supplied to the detection 
circuit 24, which generated the output signal illustrated 
in Fig. 5. As can be seen, the output of the detector cir- 
cuit 24 shown in Fig. 5 corresponds to the input video 
signal illustrated in Fig. 3. 

The correspondence between the output of the de- 
tector circuit 24 can be further demonstrated by incor- 
porating an amplification circuit 26 and inverter circuit 
28 into the detector circuit 24 and supplying the resulting 
output signal illustrated in Fig. 6 to a separate monitor 
30 as illustrated in Fig. 7 The monitor 30 is synchro- 
nized to the input video signal supplied to the CRT using 
an external synchronization pulse, which results in a dis- 
play on the monitor 30 that duplicates the display on the 
CRT being detected by the probe 22. 

It will be understood by those of ordinary skill in the 
art that it is not necessary to actually reproduce the im- 
age displayed on the CRT on a separate monitor for pur- 
poses of detecting the program being viewed on the 
CRT. Instead, signal analysis circuitry (either digital or 
analog) may be utilized to analyze and compare the sig- 



nal^) generated by the detection circuit (e.g. Probe) to 
the video that represents each of the channels of poten- 
tial selection made available to a device such as a tele- 
vision receiver thereby identifying the channel to which 
5 the receiver is actually tuned. 

The invention is also not limited to the application 
of program detection. The probe can be utilized to permit 
accurate adjustment of several operation parameters of 
a television receiver during manufacture. For example, 
'0 the probe can be utilized at the time of final alignment 
of the television receivers by the manufacturer. Specif- 
ically the brightness and contrast of the display can be 
adjusted so as to be free of white or black compression. 
In addition, analysis of the information present on rele- 
ts vant scanning lines, namely those early and late in the 
field and at the beginning and end points of a scanning 
line, permits a method of precise alignment of the scan- 
ning fields developed by the yoke relative to the surface 
area of the screen. 

The signal recovered by the probe is rich in harmon- 
ic energy, as the overall behavior of the CRT, the internal 
resistance of the power supply, and the virtual capacitor 
created by the elements discussed above all tend to be- 
have as a single-ended Class C resistance-coupled tri- 
ode. Additionally, significant energy from the chroma 
portion of a color signal can be recovered both at its fun- 
damental frequency (3.58 MHz for NTSC) and at least 
its second harmonic (7.16MHz). These signals can be 
evaluated in such a way to render information as to the 
chromatic activity of the receiver. 

The invention has been described with reference to 
certain preferred embodiments thereof. It will be under- 
stood, however, that modifications and variations are 
possible within the scope of the appended claims. For 
example, the probe may be implemented as a separate 
device that is attached to the face plate of CRTs as was 
done in the illustrated embodiment or may be incorpo- 
rated during the manufacture of a CRT as an integral 
component. Still further, it is noted that when the probe 
is operated in a location where strong fields are present 
from radio sources that operate in the spectrum utilized 
by the video display 9 (e.g. a few kilohertz to 4.2 MHz), 
the probe will also respond to these fields. The ambient 
field can be received by locating a second probe similar 
in electrical properties to the main probe in an area near 
the main probe but not in material coupling to the CRT 
The signal from the second probe can be inverted and 
applied to the signal received by the main probe to pro- 
vide a significant degree of cancellation, thereby allow- 
ing the system to be essentially immune to the external 
field. 



Claims 

1. An apparatus for detecting signals displayed on a 
cathode ray tube, said apparatus comprising: 

a probe spaced from an anode structure of the 
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cathode ray tube by a dielectric material: and a de- 
tection circuit coupled to probe: wherein the detec- 
tion circuit produces an output signal that corre- 
sponds to an input video signal supplied to the cath- 
ode ray tube. 

2. An apparatus as claimed in claim 1 , wherein the 
probe is located on a face plate of the cathode ray 
tube. 

3. An apparatus as claimed in claim 2, wherein the di- 
electric material comprises the face plate of the 
cathode ray tube. 

4. An apparatus as claimed in claim 1 , wherein the de* 15 
tection circuit comprises an equalization network. 

5. An apparatus as claimed in claim 1 , wherein the de- 
tection circuit further comprises an amplification cir- 
cuit coupled to the equalization network. 20 

6. An apparatus as claimed in claim 5, wherein the de- 
tection circuit further comprises an inverter circuit 
coupled to the amplification circuit. 

25 

7. An apparatus as claimed in claim 1 . wherein the an- 
ode structure comprises a fluorescent screen. 

8. An apparatus as claimed in claim 1 , wherein the an- 
ode structure comprises a shadow mask. 30 
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